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ABSTRACT 
 
	   Siliceous	  –	  carbonate	  intervals	  in	  the	  Mid-­‐Continent	  are	  proven	  producible	  
hydrocarbon	  reservoirs,	  however	  they	  have	  been	  understudied	  compared	  to	  more	  
classic	  type	  reservoirs	  because	  of	  difficulties	  in	  characterization	  and	  correlations	  
due	  to	  the	  heterogeneity	  and	  complex	  nature	  of	  their	  lithofacies.	  Understanding the 
characteristics of siliceous – carbonate lithofacies through macro and micro scale analysis 
can enhance the assessment of reservoir attributes and quality. Core, thin sections, and 
well logs were used to determine characteristics of a Mississippian (Osagean – 
Meramecian) interval (2,906 ft. and 2,946 ft.) from Canton SWD 1-36 located in 
McPherson County, Kansas, USA. Qualitative and quantitative analyses were used to 
identify and characterize lithofacies for interpretations of stratigraphic placement, 
depositional environments, cyclicity, and diagenetic history. The purpose of this research 
was to characterize from a Mississippian age core located in a relatively understudied 
region in Kansas, to describe petrophysical properties for reservoir quality.  
 Three lithofacies are identified for the study interval: dolomitic mudstone with 
chert nodules (DM), fossiliferous wacke – pack – grainstone (FWPG), and tripolitic chert 
conglomerate (TCC). Lithofacies are placed stratigraphically within the Warsaw and 
Burlington-Keokuk formations. The depositional environment of the study interval is 
interpreted to be shallow, warm water, inner to middle carbonate ramp system. Four 
dirtying-upward trends are recognized in the interval, which suggest high-frequency 4thor 
5th order depositional cycles. Diagenetically, the interval was subject to a complex history 
with most diagenetic events occurring relatively soon after deposition in a mixing zone of 
meteoric phreatic and marine vadose zone environments. Six stages of diagenetic events 
	   iv	  
are recognized. Early diagenetic events (leaching, recrystallization, dolomitization, and 
first generation fracturing) indicate marine, meteoric, and shallow burial conditions. Later 
diagenetic changes occurred through intermediate and deep burial events represented by 
the further dissolution, authigenic quartz (silica) replacement of calcite, styolitization, 
and grain compaction. 
 Petrophysical results show that high porosity occurs in TCC lithofacies and high 
permeability occurs in TCC lithofacies. Thus this facies is best suited as a reservoir rock 
for hydrocarbon, saltwater injection, or CO2 sequestration. 
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INTRODUCTION 
 
 In recent decades, siliceous and carbonate – rich intervals of Middle to Late 
Mississippian age have received increased attention as potential hydrocarbon reservoirs 
(e.g. Rogers et al., 1995; Colleary et al., 1997; Montgomery et al., 1998; Rogers and 
Longman, 2001; Rogers, 2001, Watney et al., 2001; Franseen, 2006; Mazzullo et al., 
2009; Koch et al., 2014; Ramaker et al., 2015) due to their unique petrophysical 
characteristics and significant hydrocarbon saturations (Evans and Newell, 2013). 
Characteristics of these rocks show significant variability in secondary porosity (Rogers 
et al., 1995), permeability (Rogers et al., 1995; Watney et al., 2001) and complex textural 
and structural features within lithofacies (Montgomery et al., 1998; Mazzullo et al., 2009; 
Koch et al., 2014). Mississippian age strata of the Mid-Continent were generally 
deposited in an open marine shelf environment (Lane and DeKeyser, 1980) under 
“normal” marine conditions (Rogers et al., 1995), with variable diagenetic occurrences 
(Mazzullo et al., 2009; Ramaker et al., 2015). 
  Understanding	  essential	  formation	  characteristics	  such	  as	  lithofacies,	  
depositional	  controls	  of	  the	  environment,	  as	  well	  as	  the	  diagenetic	  context	  of	  
siliceous	  and	  carbonate-­‐rich	  deposits	  can	  provide	  sufficient	  information	  required	  to	  
apply	  enhance	  oil	  recovery	  methods	  to	  mature	  hydrocarbon	  bearing	  fields,	  as	  well	  
as	  additional	  applications,	  including	  uses	  as	  reservoirs	  for	  CO2	  sequestration	  or	  salt	  
water	  disposal	  (Montgomery	  et	  al.,	  1998). However, previous studies have overlooked 
intervals in north central Kansas, focusing on larger and more economical fields in 
southern Kansas and northern Oklahoma (Rogers et al., 1995; Montgomery et al., 1998; 
Rogers, 2001; Franseen, 2006; Mazzullo et al., 2009; Ramaker et al., 2015). Complex	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heterogeneity,	  spatial	  distribution,	  and	  variable	  stratigraphic	  thicknesses	  within	  
mature	  and	  declining	  fields	  have	  likely	  affected	  and	  limited	  studies	  of	  these	  units	  
within	  central	  Kansas.	  	  
	   Previous studies throughout the Mid-Continent have focused on specific branches 
of exploration such as stratigraphy, deposition, diagenesis, and reservoir characteristics of 
Mississippian aged intervals. For example, Gobel, (1968), Maples (1994), and Mazzullo 
et al. (2009) conducted stratigraphic studies of subsurface formations for correlation to 
outcrops in parts of Missouri, Oklahoma, and Arkansas. Jewett (1951) and Berendsen and 
Blair (1986) mapped tectonic structures in Kansas to aid exploration efforts. Other 
authors (Rogers et al., 1995; Montgomery et al., 1998; Rogers, 2001; Watney et al., 2001; 
Mazzullo et al., 2009) conducted sedimentological studies to determine Mississippian 
aged lithofacies, reservoir characteristics, and hydrocarbon production potential. More 
recently, Franseen (2006) and Ramaker et al. (2015) examined Mississippian intervals for 
diagenetic effects on lithofacies and reservoir potential. Koch et al. (2014) conducted 
geochemical studies to provide a potential chemostratigraphy correlation device for 
heterogenetic stratigraphic successions where biostratigraphic data is not available. 
 Although many previous studies have provided insights into the regional geologic 
and structural characteristics of Mississippian intervals (Gobel, 1968; Jewett, 1951; 
Berendsen and Blair, 1986; Maples, 1994) fewer studies (e.g. Rogers et al., 1995; 
Montgomery et al., 1998; Rogers, 2001Watney et al., 2001) specifically focus on 
petrophysical analyses (porosity, permeability, capillary pressure, and log response) of 
these intervals to understand the reservoir properties of lithofacies and associated 
paleogeologic controls. In order to take advantage of resource opportunites that Middle – 
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Late Mississippian intervals offer in central Kansas, detailed descriptions of the 
petrophysical characteristics (i.e. composition and porosity) from siliceous and carbonate 
– rich intervals are necessary to provide further insight to the stratigraphic and 
depositional conditions that distinguish the lithofacies.  
 The purpose of this study is to analyze data from a core interval of Osagean – 
Meramecian age obtained from an understudied region of central Kansas, in order to 
assess characteristics for reservoir potential applicable to both exploration and disposal 
purposes. The primary objective is to describe lithofacies using core and thin sections and 
place them into a stratigraphic position, depositional environment, and to understand the 
diagenetic history of the study interval. In addition, to tie core data to well log responses 
for correlations across the field.  
 Integrating lithofacies characteristics, depositional cycles, and diagenetic 
information will provide details of the environment in which the cored section was 
exposed to during the Osagean – Meramecian time. Understanding the geologic context 
of these deposits in central Kansas will contribute insights into the relationship of Middle 
to Late Mississippian intervals throughout the Mid-Continent by filling in a knowledge 
gap between coeval subsurface and outcrops. Core characteristics and well log response 
will provide viable resource for further correlations and better predictions of siliceous – 
carbonate intervals. Analyses could provide additional information into the unique 
petrophysical characteristics and textural properties from silica-carbonate rich intervals. 
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BACKGROUND 
 
Siliceous – Carbonate Rocks of the Mid-Continent 
 
 Siliceous and carbonate rocks of Middle – Late Mississippian age throughout the 
Mid-Continent are commonly termed “chat”, an informal name for recognizable cherty 
rocks with high porosity and low resistivity (Watney et al., 2001). In some cases, “chat” 
specifically implies primarily chert reservoirs, but in other cases within the same 
depositional sequence a variety of lithofacies (e.g. clastic residual conglomerates or 
breccias, dolomitic mudstones, or bioclastic lime wacke-packstones) are present (Watney, 
2001; Ramaker, 2015). Since the term “chat” has multiple meanings and is not 
recognized as a formal member, formation, or facies within the Mid-Continent it will not 
be used here, as suggested by Mazzullo and Wilhite, (2010). 
 In recent decades, various authors (e.g. Rogers et al., 1995; Colleary et al., 1997; 
Montgomery et al., 1998; Rogers and Longman, 2001; Rogers; 2001, Watney et al., 
2001; Franseen, 2006; Mazzullo et al., 2009; Koch et al., 2014; Ramaker et al., 2015) 
characterized properties of silica – rich rocks throughout the Mid-Continent (Figure 1). 
However, locations in north central Kansas containing silica-carbonate – rich lithologies 
have been left out of these studies. 
Study Location 
 The study area includes locations in McPherson, Marion, and Harvey counties in 
central Kansas, USA (Figure 2). More specifically, the core used in this study is from the 
Bitikofer-North field. This field began production in 1946 and has produced 
approximately 492,892 bbls of oil and 6,001,565 mcf of gas as of February 2016 (Kansas 
Geological Society), with most hydrocarbon production from the Mississippian system.  























 Figure 2. The study area including locations in McPherson, Marion, and Harvey counties in central 
Kansas (outlined in red). The core is from the Bitikofer-North field (outlined in blue). 
Figure 1. County map of south central Kansas showing the distribution of silica-carbonate rich 
intervals (modified from Montgomery et al., 1998). Literature for these reservoirs has been 
concentrated on the cluster of fields outlined in blue (long dashes). This research focuses on the less 
studied area outlined in red (short dashes). 
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Geologic Background 
Stratigraphy 
 Siliceous – carbonate rocks of the Mid-
Continent, which mostly belong to the 
Mississippian System, are dispersed throughout 
the subsurface of Kansas and can be traced to 
outcrops in the conjoining states of Oklahoma, 
Arkansas, and Missouri. Stratigraphically, the 
subsurface contains the entire Mississippian 
System, except in areas where erosion has 
occurred on paleotopographic highs (Gobel, 
1968; Maples, 1994) (Figure 3).  
 Typical Mississippian rocks vary 
geographically, but consist mostly of 
limestones, dolostones, tripolitic chert, and limy 
chert, with minor variable amounts of 
siliciclastic mudstones. After deposition, beds 
underwent diagenetic alteration, including 
silicification, dolomitization, dissolution, 
fracturing, and autobrecciation (Watney et al. 
2001). Meteoric water and desiccation resulted 
in the dissolution and development of karst 
features, vuggy porosity, fracturing, and 
Figure 3. Stratigraphic nomenclature for 
the Devonian – Mississippia Systems in 
Kansas. The red box indicates the study 
interval for this research (modified from 
Maples, 1994). 
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autobrecciation which, when located near the surface, were infilled by clays (Watney et 
al. 2001). These features are generally similar within these units in the Mid-Continent 
region. However, they are extremely difficult to differentiate at regional and local scales 
and within reservoirs in hydrocarbon producing fields due to the complex and 
heterogeneous nature of the facies (Harris, 1975; Watney et al., 2001; Koch et al., 2014). 
Paleogeographic Characteristics 
 During Osagean-Meramecian time, the Mid-Continent region was covered by a 
large carbonate shelf located approximately 20° south of the equator near the continental 
margin (Figure 4). Most Mississippian rocks of the Mid-Continent were deposited on 
shallow-water shelves, which were locally subaerially exposed and susceptible to 
transgressive-regressive cycles during deposition. Cyclic deposition trends in a general 











 Figure 4. Approximate paleogeographic location of Kansas (outlined in red box) during the 
Mid to Late Mississippian. (346 ma.) Modified from Mazzullo et al. (2009) and Blakey 
(2015). 
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 Throughout Kansas, Mississippian strata generally dip in a southerly direction, 
and rock layers tend to be organized in a sequence of finning-upward trends that are 
capped by erosional surfaces that are either submarine or subaerial (Watney et al. 2001). 
Previous research (Rogers et al., 1995; Colleary et al., 1997; Montgomery et al., 1998; 
Rogers and Longman, 2001, Rogers, 2001; Watney et al., 2001; Franseen, 2006; 
Mazzullo et al., 2009; and Koch et al., 2014) has distinguished multiple carbonate shelf 
environments from shallow to deep (inner shelf (inner ramp), main shelf (middle ramp), 
and shelf margin (outer ramp) that were present during Osagean-Meramecian time 
(Figure 5). These environments have been described with the following characteristics: 
Inner shelf (inner ramp) settings that consist of thinly bedded, partial to completely 
dolomitized mudstones. Main shelf (middle ramp) settings exhibit well-defined, crinoid-
bryozoan, pack to grainstones, in subtidal marine waters and generally undolomitzed. 
Shelf margin settings (Outer Ramp) feature spongy spiculitic wackstones to grainstones 
interbedded with main shelf facies. Osagean sea floor facies boundaries, especially within 
the shelf margin (Outer Ramp), have proven difficult to determine due to the very low 
relief of the ramp during Mississippian deposition (Rogers et al. 1995).  
 The complex distribution and diagenesis of Mississippian strata has most likely 
been influenced by the cratonic sequence boundary between the Kaskaskia and Absaroka 
sequences (Mississippian – Pennsylvanian unconformity) (Rogers et al., 1995). Local 
evidence of primary evaporates in the uppermost strata indicates increased restriction 
from open marine waters, likely due to shallowing of water leading to an overlying 
sequence boundary, subaerial exposure, and erosional events (Franseen, 2006). Platform 
! '!
and ramp carbonate deposition was also controlled by variations in biogenetic production, 











 According to Merriam (2005), primary structures and associated minor structures 
in eastern Kansas were formed in the Late Mississippian to Early Pennsylvanian. 
However within the study area, structural features are relatively stable in regards to 
folding, faulting, or uplift. Canton SWD well is located near the boundary between the 
Salina basin to the north and the Sedgwick basin to the south. These two basins are 
separated by an arch-like structure that trends east to west across McPherson and Marion 
counties with the beds dipping towards the south at very low angles. Within McPherson 
County, two main structural features are present, the Voshell anticline and the 
Cottonwood fault (Figure 6). The Voshell anticline is located within central McPherson 
County and was formed contemporaneously with the Nemaha ridge (Figure 6) with no 
structural movement before Kinderhookian deposition (Jewett, 1951). The Cottonwood 
Figure 5. Carbonate ramp depositional environments during the Osagean. Kansas is outlined in red 
with approximate location of Canton SWD well (red dot), showing the location between inner and 
main shelf environments. Modified from Watney et al., 2001. 
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fault has a northwesterly trend that extends from northwest McPherson to southwest 
Marion counties and is recognized in pre-Mississippian rocks, with small segments active 
during Mississippian time (Berendsen and Blair, 1986). 
 
 	  
Figure 6. Top image shows major tectonic features in the study area described by Merriam (1963). 
Bottom image indicates detailed structural features by Berendsen and Blair (1986). Red box 
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MATERIALS AND METHODS 
Materials 
 
 The core used in this study was obtained from the Canton SWD No. 1-36 (15-
113-21342 Sec. 36, T19S, R1W) well, which was drilled by ORCA Resources to a total 
depth of 4,000 ft. below the kelly bushing (KB). The core was obtained from the upper 
Mississippian System from 2,912 ft. – 2,997 ft. After the coring process, depths of the 
core were determine to be offset from well logs (Tucker Wireline Services) by six feet 
probably due to differences in points of measurement on the coring barrel and string 
running well logging tools. Core depths were corrected and shifted six feet up (2,906 ft. – 
2,991 ft.) to correspond with well log depths. The cored interval was slabbed, 
photographed, and processed by Stim-Lab, Inc. of Duncan, Oklahoma before it was 
donated to Fort Hays State University (FHSU). 
  Additional data were collected by Stim-Lab from full core and core plug 
laboratory measurements of permeability, porosity, grain density, and lithology, which 
were provided along with the cored interval and associated well logs. Billets were cut 
horizontally at representative intervals using a standard rock saw and sent to National 
Petrographic Inc (Houston, Texas) for thin sections. Thin sections were made using 
standard procedures with additional services for impregnation with blue epoxy to 
distinguish pore space from matrix and stained with alizarin red to identify calcite (calcite 
becomes stained red and all other minerals stay original color). Other well logs were 
obtained from the Robert F. Walters Digital Geological Library (Kansas Geological 
Society, 8-10-15 http://www.kgslibrary.com) or the Kansas Geological Survey (9-24-15,	  
http://www.kgs.ku.edu/PRS/petroMaps.html). 
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 Qualitative and quantitative methods were used to collect data from the upper 
third of the cored interval (2,906 ft. – 2,940 ft.). These include core descriptions and thin 
section observations. In addition, well log and laboratory data were used to characterize 
lithofacies and determine stratigraphic placement, as well as interpretations of 
depositional environments, cyclicity, patterns, and diagenesis events. 
Visual Core Description 
 The core was described in 6-inch intervals using magnification (hand lens and 
stereoscope), standard test (e.g. HCl), and well log responses (gamma ray and 
photoelectric effect) were used for compositions and to identify lithology, carbonate 
texture, sedimentary structures, grain constituents and size, bioturbation, and fossil 
content. Published classifications and terminology (Dunham, 1963; Friedman, 1965; 
Randazzo and Zachos 1983; Sibley and Gregg 1987; Wright, 1992; Montgomery, et al. 
1998; Franseen 2006; Mazzullo, et al. 2009; and Mazzullo and Wilhite 2010) were used 
to describe the cored interval. 
Thin Section Analysis of Core  
 Billets were cut at approximately one-foot intervals and as parallel to the bedding 
plane as possible to assess grain and porosity distribution. All thin sections were analyzed 
using a standard petrographic microscope for key features similar to those described from 
macroscopic large-scale core descriptions. In addition, observations were made for pore 
type, size, and distribution. Terminology for classifications and descriptions of these 
characteristics were adopted from earlier authors (Choquette and Pray 1970; Scholle, 
1978; Scholle and Ulmer-Scholle 2003; Flugel, 2009; and Loucks et al. 2012). 
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 Quantitative analyses (e.g. point counting and object extraction) were conducted 
using the image analysis software JMicroVision v.1.2.7 for grain and porosity sizes, 
abundance, and distribution. Point-count analysis was conducted to establish the 
composition of lithologies of selected intervals. Eight hundred points were randomly 
selected with JMicroVision for an approximate confidence level of 98% (calculated 
percentages are within ± 2%) (Van der Plas and Tobi, 1965; and Flugel, 2009). Points 
were identified and given a pre-established letter or number key (e.g. Calcite = C and 
Moldic Porosity = 1) within the software, which kept track of the different minerals and 
porosity types in each thin section. If randomly generated points landed on a previously 
identified point, it was skipped and not counted toward the overall total. 
Object Extraction of Thin Sections 
 An object extraction analysis was conducted in JMicroVision to determine the 
approximate 2-D area of pore space. Roduit (2005) developed primary methods for 
porosity object extraction with JMicroVison. Modifications were made to Roduit’s 
methods by selecting the blue color spectrum for pore space in order to successfully 
extract objects (in this case pore size) from thin sections. Thin section photographs were 
spatially calibrated so that pixel size values were automatically converted into length 
(millimeters). Pore sizes were then compared to previously published sizes from 
Choquette and Pray (1970) and Loucks et al. (2012). Segmentation by threshold (an 
Object Extraction tool) was used to differentiate pores (blue epoxy) from grains or rock 
matrix through the Intensity Hue Saturation (IHS) mode. In this mode, a range of values 
(130 – 180) was selected in the hue histogram representing the blue color spectrum to 
isolate pore space pixels. The intensity and saturation histograms were adjusted so that 
! "%!
only shades of blue within the selected hue range would be extracted as porosity. The 
tolerance level was increased to 200% to enhance the minimum and maximum blue 
values. Pixel dimensions were set to three by three (3x3) to extract the smallest pore 
space possible. This setting would allow for the calculation of pore sizes smaller than 
micropores.  
 Through object extraction, pore sizes were quantified and classified by 2-D area 
into the proper size descriptions (Figure 7). As a part of the object descriptors output 
function (of the object 
extraction tool), the 
equivalent circular 
diameter feature displays 
the diameter of a circle 
with the same area as 
that of the object. The 
diameter was then 
plugged into the 
equation for the area of a circle so that a circle with the same area as the object extracted 
(pore space) could be compared to areas calculated from pore sizes established by 
previous authors (e.g. Choquette and Pray, 1970 and Loucks et al., 2012). This 
calculation determined the size category (i.e. micropore, mesopore, megapore) and 
frequency of pore space within each thin section. The spherical object was chosen 
because the area of a circle is the closet representation of most pore shapes. Therefore, 
the maximum area of pore space based on the abundance of circular (equant) pores 
Figure 7. Pore space being outlined in red (white arrows point out red 
outlining) after the object extraction tool was run in JMicroVision.  
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observed in thin sections throughout the study interval would be prepresented. Elongate 
pore space (i.e. fractures) was generally extracted a series of circular shapes based on the 
different shades of blue pixels. 
Well Log Analysis 
 Qualitative and quantitative interpretations were made on a suite of well logs 
(Table 1) to identify lithology, response patterns, cyclicity, and overall trends. 
Additionally, gamma ray (GR), photoelectric (PE), and density (RHOB) logs were to 
distinguish formations and infer different lithology types. Permeability was determined 
using microresistivity logs. Where there was positive separation shown between the 








 Subsurface maps were created to show the spatial distribution of the 
Mississippian Series (Kinderhook, Osagean, and Meramecian) across the study area. 
Correlations were made using gamma ray logs to illustrate changes and variation in 
spatial distribution and thicknesses across the study area. Trend surface maps (e.g. to 
show structure) and stratigraphic maps (e.g. isopach maps) were generated from 
formation top data obtained from completion cards. When formation tops were not 
Table 1. List of well logs used for interpretations in this study.  
Spontaneous Potential SP Neutron Porosity NPLS 
Gamma Ray GR Density Porosity DPLS 
Micro inverse MINV Spherically Focused SFL 
Micronormal MNOR Deep Induction Resistivity ILD 
Photo Electric Effect PE Medium Induction Resistivity IRM 
Bulk Density RHOB 
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recorded on completion cards, gamma ray and spontaneous potential (SP) logs were used 
to pick formation tops. Golden Software (Surfer 8) was used to generate maps from the 
tops data within the study area. A list of wells used for maps are found in Appendix 1. 
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RESULTS 
 
 Results from core descriptions, thin section analysis, and well log interpretation 
show variations in lithology, rock texture, grain type, size, and distribution, sedimentary 
structures, diagenetic features, and depositional patterns and trends throughout the core. 
The terms “silica” and “clays” are used loosely to refer to silica (e.g. chalcedony and 
microcrystalline quartz) and clay-based (e.g. illite, and smectite, etc.) minerals.  
Composition and Texture 
 The core interval studied is composed of three major lithologies, dolostone 
(DOLO) (Figure 8A), limestone (LS) (Figure 8B), and chert (CHERT) (Figure 8C). 
Dolostone and limestone lithologies alternate through the upper half of the core interval 
between (2,906 ft. – 2,925 ft.) and are characterized as muddy to grainy fabrics. Chert 
lithologies dominate the bottom half (2,925 ft. – 2,940 ft.) of the interval, with sparse 
occurrence of dolostone. The chert lithology displays two distinct textures, highly 









A B C 
Figure 8. Three major lithologies are observed from the study interval dolostone (DOLO) (A) 
(2,910 ft.), limestone (LS) (B) (2,917 ft.), and chert (CHERT) (C) (2,932 ft.).  
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Composition of Core 
 Visible grains consist of rounded to subangular bio and intra clasts, as well as fine 
clay to pebble non-carbonate material (chert and terrigenous clays) (Figure 9A). Silica 
nodules are found within the dolostone and limestone lithologies and vary in size from 3 
to 8 centimeters (Figure 9B). Some sparse occurrences of clay to pebbled-sized 
brecciated carbonate and non-carbonate grains fill in fractures (Figure 9A) and 












Textural Characteristics of Core 
 Slightly parallel to wavy lamination is preserved within the limestone lithology, 
with some evidence of macroscale bioturbation at 2,912 ft. and microscale bioturbation at 




Figure 9. Core segments composed of clasts (A), nodules (B), and infilled fracture and karst structures (C). 
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lithologies (Figure 11A). Benthic invertebrate fossils were observed at the macroscopic 
scale in the limestone and chert lithologies and are partially to completely replaced by 






















Figure 10. A. Figure shows macroscale bioturbation (tan ovals 
in box) at 2,912 ft. Scale bar is in centimeters. B. Microscale 
burrowing is outlined (white lines and arrow) at 2,922 ft. Scale 
bar = 0.05 cm. 
	  
	  
Figure 11. A. Large pore space seen within the dolostone lithology (2,910 ft.). Scale bar = 1 cm. B. 
Fossils throughout the study interval have been partially to fully replaced by silica (2,913 ft.). Scale 
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Grain Distribution, Types, and Size 
 Results from thin section analysis provide detailed quantitative and qualitative 
information about grain and porosity sizes, types, and distribution. 
 Point count analyses show the following grain composition: Dolostone lithologies 
generally consist of more than 74% dolomite, 5% silica, 3% of other material (clays, 
calcite, or other) with 18% porosity. Limestone lithologies are composed of 
approximately 59% calcite, 23% silica, 8% clays, 8% dolomite, 2% other material and 
less than 1% porosity. Chert lithologies are 66% silica, 15% clay material, 2% calcite 
with 17% porosity. Additional details for all point count analyses are provided in 
Appendix 2. 
 Grain constituents in all lithologies consist of both skeletal and non-skeletal 
grains. Skeletal (bioclasts) grains are primarily disarticulated and highly fragmented 
marine invertebrates (Figure 12). Non-skeletal grains consist of sparry calcite, micrite, 
carbonate intraclasts, brecciated angular chert 
clasts, microcrystalline chert, clay 
material, and euhedral rhombohedral 
dolomite (Figures 13 – 14). Grains sizes 
ranged from coarse clay to coarse sand, 
with generally homogeneous grains 
within each thin section. Table 2 gives 
the average size of grain constituents 
with the corresponding size and depth 
through the study interval.  
Table 2. The average grain sizes for 
representative intervals in this study.  
Depth Diameter Grain Size 
(ft.) (µm) Desciption 
2907 59.11 Coarse Silt 
2910 62.80 Coarse Silt 
2912 228.25 Fine Sand 
2915 66.75 Very Fine Sand 
2916 128.01 Fine Sand 
2917 752.56 Coarse Sand 
2917.5 350.01 Medium Sand 
2920 63 .83 Coarse Silt 
2922 291.51 Medium Sand 
2924 64.18 Very Fine Sand 
2925 4.00 Coarse Clay 
2925 .5 4.00 Coarse Clay 
























Figure 12. Grains found throughout the limestone lithology consist primarily of crinoid fossil fragments with 
some dark colored micrite and slight dolomitization. The large grain (red arrow) shows a cross section of a 
series of crinoid plates. Articulated surfaces have been replaced with secondary calcite based on different 
extinction phases under cross polarization. Pore space created from dissolution of crinoid fragment (orange 
circle). Key: Cr = cross section of a crinoid column with a circle shaped central lumnia; Cf = disarticulated 
fragmented crinoid stalks. 2912 ft. 4x XPL Scale bar = 0.5 mm 
 
Figure 13. The dolostone lithology consist largely of euhedral, crystal supported dolomitic rhombs 
(grayish white). Some rhombs have discolored iron cores throughout the section (red circle). Various 
clasts such as silica and clay were also observed (yellow circles). Pore space is colored blue. 2,910 ft. 4x 
PPL Scale bar = 0.05 cm. 
 














 Fossils are found in the limestone and chert lithologies throughout the study 
interval. They occur as calcite (Figure 15) or have been partially or fully replaced by 
silica (Figure 16). Fossil content throughout the dolostone lithology has been fully 
dissolved, leaving molds with some secondary precipitation of calcite or silica. Taxa 
identified within the study interval are primarily benthic invertebrates that include 
sponges, bryozoan, brachiopods, bivalves, and echinoderms (echinoids and crinoids). A 
few occurrences of trace fossils where observed in macro (Figure 10A) and micro scale 
(Figure 10B). Fossils are highly fragmented and disarticulated throughout the entire study 
interval (Figure 17). 
 
Figure 14. The chert lithology is mostly composed of fine crystalline silica (white) with pore 
space colored blue. 2,925.5 ft. 4x PPL Scale bar = 0.05 cm. 
 
























Figure 15. Disarticulated and highly fragmented crinoids are observed throughout limestone lithologies. 
This thin section shows a crinoid column (Cr), crinoid arm plate (Cap, outlined with white box), with 
various echinoderm fragments (Ef) based on the “honeycomb” microtexture (after Scholle and Ulmer-
Scholle, 2003). 2912 ft. 4x XPL Scale bar = 0.5 mm 
  
  
Figure 16. Calcite minerals (crinoid fragments) are stained pink in color. Other minerals remain in their 
unstained color. Silica is shown (white color center), with accessory dolomite rhombs scattered 
throughout (yellow). 2917 ft. 4x PPL Scale bar = 0.05 cm 
  













Formation Petrophysical Characteristics 
Porosity Types and Sizes 
 Porosity shape, size and type were characterized both quantitatively and 
qualitatively from thin sections in the study interval. Table 3 shows the quantitative 
percentages of porosity measurements from point count, object extraction, well log, and 
Stim-Lab for representative samples from the study interval. Average pore sizes are 
shown in Table 4. Qualitatively, pore space shapes were assumed equant in shape (equal 
in all directions) with slight occurrences of platy and tubular (elongate). Different types 
of porosity such as interparticle, intraparticle, intercrystalline, moldic, and fracture were 
seen in thin section throughout the study interval (Figures 18A – D). 
 
Figure 17. Highly fragmented, disarticulated fossils are seen in all lithologies within the study 
interval. Arrows (white) show fragmented crinoid fossils. 2,918 ft. 4x PPL Scale = 0.05 cm 
























Table 3. Average porosity percentages calculated from this research (point count and object 
extraction) and percentages from well log and laboratory data. 
Table 4. Average pore sizes calculated for the study interval. 
Depth Point Count Object Extraction (OE) Well Log Stirn-Lab 
OE 1 OE 2 OE 3 Average Density Neutron % 
ft. below KB % % % % % 
2907 11.42 8.31 5.27 10.03 7.87 12.86 3.99 NIA 
2910 26.54 26.08 26.15 26.23 26.15 33.88 16.97 28.5 
2912 0.25 0.41 0.11 0.0 0.17 24.51 9.31 NIA 
2915 18.21 7.55 14.61 12.26 11.47 3.50 8.53 NIA 
2916 19.25 13.15 20.33 5.70 13.06 2.33 8.74 NIA 
2917 1.08 0.19 5.16 0.0 1.78 5.26 12.45 NIA 
2917.5 2.44 2.39 3.28 0.03 1.90 6.43 12.30 NIA 
2920 20.38 10.05 3.33 NIA 6.69 30.02 9.82 22.5 
2921 5.13 4.13 0.0 0.0 1.38 8.77 11.88 3.5 
2924 13.38 9.63 3.99 4.27 5.96 13.45 6.85 1.1 
2925 14.75 11.29 4.83 NIA 8.06 16.56 16.36 37.2 
2925.5 15.63 22.70 11.67 5.92 13.43 19.01 24.80 NIA 
Pore Size 





























Qualitative and Quantitative Permeability 
 Three permeability (K) measurements (Kmax, K90, and Kvert) conducted by 
Stim-Lab show a wide range in millidarcy in (md) throughout the study interval (Table 
5). Results show low permeability (<1md) in the limestone lithologies (2,921 ft. – 2,925 
ft.), median permeability (10 – 140 md) in chert lithologies (2,925 ft. – 2,940 ft.), and 
high permeability (305 – 320 md) in the dolostone lithologies (2,910 ft.). Micro and 
resistivity logs show permeability throughout the study interval (Figure 19 A – B).  
 
Figure 18. A. Dolostone lithology with moldic porosity from preexisting fossils (white arrow) and 
dolomitic rhombs (thin white arrow), with some molds infilled with silica (white color). 2,921 ft. 4x 
PPL Scale bar = 0.5 mm B. Abundant intercrystalline porosity is seen throughout. However, 
permeability remains relatively low due to the few connections between pores. 2910 ft. 4x PPL Scale 
bar = 0.5 mm C. Fracture porosity was only observed in the chert lithology. 2921 ft. 4x PPL Scale bar = 
0.5 mm D. Primary intraparticle porosity is dominant within the chert lithology. 2925.5 ft. 4x PPL Scale 






























Table 5. Full core permeability data from Stim-Lab, with additional core plug data at 2,927 ft. and 
2,935 ft.  
Figure 19. A. Microresistivity logs show a positive separation (MNOR > MINV), which indicates 
permeability within the study interval. B. Resistivity logs were used to validate permeability (separation 
between deep and shallow logs indicates invasion, which occurs in permeable zones). 
A B 
Depth (KB) Air Permeability 
Top Bottom Kmax K90 
feet feet md md 
2910 to 2911 319.68 305.38 
2920 to 2921 19.22 18.91 
2921 to 2922 0.378 0.135 
2922 to 2923 0.038 0.010 
2923 to 2924 0.475 0.425 
2924 to 2925 0.008 0.004 
2925 to 2926 NIA 83 .54 
2927 5.97 
2928 to 2929 77.31 22.03 
2929 to 2930 14.99 14.36 
2930 to 2931 22.18 15.25 
2931 to 2932 98.71 22.06 
2932 to 2933 32 .94 9.01 
2933 to 2934 10.80 10.66 
2934 to 2935 8.05 7.22 
2935 0.19 
2936 to 2937 24.94 15.02 
2937 to 2938 102.86 101.02 
2938 to 2939 31.12 31.12 
2939 to 2940 13.75 12.72 
Micro resistivity 
OHMM 
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Grain Densities 
 Grain densities from laboratory measurements show values representative of 
chert, limestone, and dolostone within the study interval. The grain density measurements 











Well log Analyses 
 Analyses of well logs show that: 1) The study interval was deposited in the 
Mississippian System (Figure 20). 1) SP log values range from -35 to -80 millivolts 
(Figure 21A). 2) Gamma ray (GR) response varies from 15 to 25 API throughout the 
interval, with trends of boxcar, cleaning-up, and dirting-up patterns (Figure 21B). 3) 
Photoelectric log (PE) values range from 1.5 b/e to 4.5 b/e corresponding to known 
values of silica, calcite, and dolomite minerals (Figure 21C). 4) Microresistivity logs 
show a positive separation between the micronormal and microinverse logs consistent 
with permeability zones in the study interval (Figure 19D). 5) PE and RHOB logs show a 
Table 6. Grain density values from the study 
interval from Stim-Lab.  
Depth (KB) Grain 
Top Bottom Densities 
feet feet g/cm 
2910 to 29 11 2.83 
2920 to 2921 2.80 
292 1 to 2922 2.70 
2922 to 2923 2.70 
2923 to 2924 2.74 
2924 to 2925 2.68 
2925 to 2926 2.63 
2927 2.74 
2928 to 2929 2.63 
2929 to 2930 2.70 
2930 to 293 1 2.70 
2931 to 2932 2.71 
2932 to 2933 2.71 
2933 to 2934 2.72 
2934 to 2935 2.74 
2935 2.63 
2936 to 2937 2.70 
2937 to 2938 2.69 
2938 to 2939 2.70 
2939 to 2940 2.72 
! &%!
distinct decrease in values at 2,925 ft. which is a contact between the chert and limestone 





















































































































Figure 21. A-D. Logs (Spontaneous potential (SP), Gamma ray (GR) Photoelectric effect (PE), and 
Bulk Density (RHOB) through the study interval. SP is fairly consistent except between 2,914 ft. – 
2,918 ft. GR values are generally low (<40 API). PE values are 2 – 4 from 2,906 ft. – 2,925 ft. and less 
than 2 from 2,925 ft. – 2,940 ft. RHOB values range from 2.2 – 2.6 gm/cc from 2,906 ft. – 2,925 ft. and 
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Subsurface Mapping 
 Mississippian series (Osagean and Meramecian) structure maps show a slight dip 
toward the west, south, and southwest across the study area (Figures 22 – 23) away from 
the paleotopographically high Nemaha Ridge. Isopach maps for the Osagean age rocks 
show variable thickness across the study area, however Meramecian age rocks are more 
sporadic in thicknesses (Figures 24 – 25). Cross sections from the study area also show 
the rock units increasing in depth away from the Nemaha Ridge (Figure 26 – 27) and 
















Figure 23. Osagean surface correlation throughout the study area. Color scale bar interval is 
50 feet. Decimal degree scale bar is tenth of decimal degree. 
 
Figure 22. Meramecian surface correlation throughout the study area. Color scale bar interval 
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Figure 24. Meramecian isopach map shows thickness variation within the study area. Canton SWD 
is located in the center of the map. Color scale bar interval is ten feet. Decimal degree scale bar is 
tenth of decimal degree. 
Figure 25. Osagean isopach map displays less variable thickness within the study area. Color 
scale bar interval is ten feet. Decimal degree scale bar is tenth of decimal degree. 
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 core and thin section analyses, three dom
inant lithofacies are identified in 
the study interval; 1.) dolom
itic m
udstone w
ith nodular chert (D
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ary characteristics for the determ
ined lithofacies are presented in Table 7. Figure 28 
displays key features recognized in the core and thin section. 
                                  
Table 7. Important characteristics of lithofacies described in the study interval (2,906’ to 2,940’ KB). Key: microns 
(µm), millimeter (mm), centimeter (cm) 
Facies Name Grain Types Sedimentary Features Porosity Types, Sizes, Shapes Key Features 
Dolomitic Mudstone Primari ly dolomite rhombs (- 60 Most sedimentary Type: Intercrystalline (16%), Buff-tan-brown color; sucrosic; 
with chert nodules µm), silica (5%), micrite (2%); structures have been Moldic (2%); Size:7 - 20 µm, unimodal grains; planar-e texture 
(DM) some cases have rhombs contain lost due to micropore (97% of facies ), in thin section; fractures have 
solid Fe centers; fossils include dolomitization; chert mesopore (2% offacies), been infilled with elastic material 
bryozoan, echinoderms, and nodu les ranging from 2 Shape: mostly equant (dominantly clays and chert); 
sponge spicules, which have been mm to 8 cm (30% of insoluble residue= silica, green 
dissolved leaving molds or facies); fracturing has clay, no microfossi ls 
replaced by secondary si lica or occurred throughout 
calcite; sparse occurrence of 
elastic material (clays and chert) 
Fossiliferous Wacke - Primarily calcite (- 228.25 - Bioturbation at 2,918.5 Type: lntecrystalline, Mostly grey throughout (reddish 
Pack -Grainstone 752 .56 µm) (- 60%), si lica (24%), ft. and 2,922 ft. (Figure lnterparticle, Fracture (all tint in 2918.5 ft. ); packstone to 
(FWPG) clays (8.25%), dolomite (7.75%); 17); some laminations <.50%); Size: 5 - 9 µm, grainstone textures; that are 
fossils include abundance of (parallel to wavy) micropore (99.5% offacies); gradational; fractures have been 
enchionds and crinoids, with throughout facies; Shape: primarily equant filled with green clays chert 
sponges, bryozoan, brachiopods, styolites and clasts, and dolomite; high ly 
bivalves; fossils have been microstyolites; karsting fractured fossils ; some 
partially to completely replaced feature (2,921 ft. - compaction present 
by si lica 2,922.5 ft.) 
Tripolitic chert Primarily microcrystalline silica Sedimentary structures Type: Tnterparticle ( 16%), White to grey to yellow colors; 
conglomerate (TCC) (66%), clays (15%), calcite (2%); are difficult to identify Fracture (6%), vuggy porosity well cemented unless near places 
most large grains are rounded to due to high fracturing was seen at the core scale; ofvuggy porosity; conglomeritic 
angular chert clasts; fossils are and brecciation of Size: 12 - 26 µm, micropore to highly brecciated chert clasts 
rare; some secondary original chert material; (97% of facies ), mesopore ranging from sand to greater than 
precipitation of calcite in pore fractures have been (2.5% offacies); Shape: pebble in size; some places are 
space infilled with clay, chert, primari ly equant, with some highly weathered ( chalky texture) 
and dolomite; vuggy, tabular and platy that have larger amounts of 
with some being mud/dolomite within pore space; 




Figure 28. Stratigraphic column of the study 
interval with key characteristics for lithofacies 
characterization. Core and well log footages are 
indicated on the chart. 
 




 The stratigraphy of the region can be summarized into three major lithofacies 
dolomitic mudstone (DM) fossiliferous wacke-pack-grainstone (FWPG), and tripolitic 
chert conglomerate (TCC). These results were used to interpret the vertical facies change, 
stratigraphic placement, depositional environment, cyclicity, and diagenetic history. 
Diagenetic events were used to characterize the quality of reservoir units present within 
the stratigraphic succession described..  
Vertical Facies Change and Stratigraphic Placement 
 Facies can be put into lithostratigraphic and chronostratigraphic successions 
within the study interval. Biostratigraphic succession was not considered for this study, 
because no viable fossils records (i.e. conodonts) were 
obtained from the study interval. 
 The lithostratigraphic succession of the study 
interval is summarized in Figure 29. The TCC facies 
observed in thin section, core, and well logs occurs 
between 2,925 ft. – 2,940 ft. The FWPG and DM facies are 
interbedded throughout the top half of the study interval 
(2,906 ft. – 2,925 ft.). The FWPG facies decreases in 
thickness upwards in the study interval and becomes 
interbedded with the DM facies (Figure 29).  
 The chronostratigraphic succession of the facies 
belongs to the Osagean and Meramecian stages of the Figure 29. Lithostratigraphic 
succession of the study interval.  
2,940 
Tr ipolltlc Chert 
Conglomerate 
(TCC) 
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Middle to Late Mississippian System (Figure 30). Chronostratigraphic placement was 
interpreted by comparing characteristics observed within the study interval to 
characteristics determined from previous authors (Gobel, 1968, Maples, 1994, and 
Mazzullo et al., 2009). Characteristics from the TCC facies (Table 7) interval (2,925 ft. – 
2, 940 ft.) suggest stratigraphic placement within the undifferentiated Burlington-Keokuk 
Formation, which are similar to Gobel’s (1968) descriptions.  
 Subaerial exposure indicated at 2,925 ft. occurred after the deposition of the TCC 
facies resulting in brecciation, rounding of chert clasts, and fracturing of the TCC facies. 
The subaerial exposure is interpreted to be the boundary between the Osagean and 
Meramecian time, and is represented by a decrease in PE, RHOB, and resistivity curve 
values (Figures 19 A and B; Figures 21A and D). The GR log is not useful for picking 
formation contacts in this core because of the clean nature of the study interval. The 
Osagean – Meramecian boundary is correlatable to other subsurface horizons interpreted 










Figure 30. Chronostratigraphic placement of the study interval with corresponding lithofacies. 
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 Shallow marine conditions returned with the deposition of the highly fossiliferous 
FWPG facies, with subsequent dolomitization to create the DM facies. Together, the 
interbedding of these facies are interpreted as the Warsaw Formation, based on 
characteristics observed by Gobel (1968). The FWPG facies exhibit characteristics (e.g. 
variably stylolitic cherty limestone, slightly glauconitic, and slightly to moderately 
dolomitic) indicative of the Cowley Formation (Cowley facies) of southern Kansas 
(Gobel, 1968 and Mazzullo et al., 2009), however the geographic distribution of the 
Cowley Formation has been described as limited to the southern counties of Kansas 
(Mazzullo et al., 2009). With no reliable biostratigraphic data, and no occurrence in the 
study area, definitive placement within the Cowley was not possible for this study. 
Depositional Environment 
 Sediments were deposited within a shallow, warm water marine inner to middle 
carbonate ramp system based on characteristics observed within the core and thin 
sections, as well as paleogeographic location (Figure 5) during the late Mississippian 
(Watney et al. 2001). In the mapped study area, surfaces gently dip away from the 
paleogeographic high of the Nemaha Ridge, which indicates a ramp type depositional 
setting. Generally, the study interval dips to the west, southwest, and west away from the 
Nemaha ridge (Figures 22 and 23). Due to the scale of the study, rock units from this 
study do not agree with previous studies, which suggest dip to the south (Watney et al. 
2001). Reworked sediment (brecciated clasts), highly fractured fossil content (Figure 17), 
and the potential upwelling of silica from deeper water (Franseen 2006 and Mazzullo et 
al., 2009), suggests that the ramp was most likely un-rimmed and exposed to high energy 
wave action and open water circulation. Figure 17 shows no compression of fossil 
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contents that would have occurred within a burial setting. However, observations of the 
thinly interbedded DM and FWPG facies suggest frequently changing water chemistry 
and temperatures in restricted marine circulation environments, which subsequently 
dissolved limestone and precipitated dolomite. Cyclicity through the interval suggests 
movement of the shoreline, indicating changes in water depth and composition that led to 
shifts between inner and middle ramp depositional settings, which are represented by the 
interbedded DM and FWPG facies (Figure 28). 
Cyclicity 
 Previous studies have identified various degrees of relative sea-level fluctuation 
throughout Mississippian aged strata in the Mid-Continent (Hanford and Manger, 1993; 
Witzke and Bunker, 1996; Watney et al., 2001; Mazzullo et al., 200, Ramaker et al., 
2015).  
 High-frequency transgressive – regressive cycles have been recognized in inner to 
mid-ramp environments in Osagean rocks in Iowa (Witzke and Bunker, 1996) and in the 
subsurface of south-central Kansas (Watney et al., 2001). These high-frequency cycles 
have been interpreted to be regional finning-upward trends (Ramaker et al., 2015). In this 
study, four similar transgressive – regressive cycles were interpreted as 4th to 5th order 
cycles (Figure 31). Four finning upward patterns were also recognized within the study 
interval based on gamma ray log response (Figure 31) and observed grain sizes from core 
desciptions (Figure 28). During transgressions, cleaner limestones facies were deposited 
and are recognized by relatively low GR log response (<20 API). As regressions 
occurred, limestones become more “dirty” (>20 API) with the infilling of open pore 

















 Diagenetic changes can affect rock properties that are important for the 
generation, accumulation, and concentration of fluids (liquids and gases) in sedimentary 
rocks, especially within carbonates. These diagenesis changes can be recognized from 
various indicators such as: 1) subaerial exposure with associated brecciation or 
conglomeritic clasts and infilled fracturing 2) silica and secondary calcite precipitation 
and replacement of primary structures 3) dissolution and recrystallization of skeletal 
































Figure 31. Four high frequency transgression (blue arrows/cleaning upwards) – regression 
(red arrows/dirtying upwards) cycles within the study interval. Green arrows represent 
dirtying upward trends. Red dotted lines are interpreted boundaries between dirtying 
upward cycles. 
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 Diagenetic changes in the core interval are grouped into two post-depositional 
categories: eogenetic (early) and mesogenetic (middle) stages (Scholle and Ulmer-
Scholle, 2003 and Flugel, 2010). Eogenetic diagenesis is characterized by karst feature 
(Figure 9C) and leaching of grains (Figures 18A) and occur primarily within the DM 
facies, which is interpreted to be a post-depositional mixing zone of meteoric phreatic 
and marine vadose fluid environments. The mesogenetic diagenesis occurred as 
overburden rock buried the interval during the late Mississippian Period, and is observed 
in the compaction and stylotization features (Figure 32). The diagenetic events for the 
study interval consists of seven stages, which have been reported in other intervals 














Figure 32. Mechanical compaction of grains and stylolites occurred from increased pressure during burial. 
Stylolites here (middle of slide) have cross cut compacted grains. 2,917.5 ft. 10x PPL Scale bar = 0.1 mm 
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Diagenetic History of the Study Interval 
 The sequence of diagenetic stages were interpreted using petrographic cross-
cutting and superpositional relationships. The timing of events are based on observations 
that suggest the eogenetic and mesogenetic diagenesis. The diagenetic history that 
occurred within the study interval are summarized in Figures 33 and 34 and correspond 










 1.) Deposition 1 and Silicification. Original deposition of the TCC facies as 
wacke – pack – grainstones in the lower half of the study interval based on lithological 
characteristics, which are equivalent to those described by Franseen (2006) and Mazzullo 
et al., (2009). TCC facies are produced by the replacement of matrix and fossil fragments 
with silica. Hypothesized settings and silicification processes are beyond the scope of this 
research, but possibilities are discussed in Rogers (2001), Franseen (2006), and Mazzullo 
et al. (2009). 
Figure 33. Six stages of diagenesis are interpreted in the study interval. The black bars are not indicative 
of the amount of time stage duration. Numbers correspond to the text.  
Diagen tic tage 
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 2.) Unconformity Surface. An erosional surface at the top of the TCC facies is 
interpreted as being a subaerial exposure. Fracturing, brecciation, and clast transport is 
observed below the unconformity surface. Tripolitic texture begins to form with the 
weathering and dissolution of silica within the TCC facies. The presence of clays is 
abundant at this unconformity surface and infills open pore space around clasts. The 
unconformable erosional surface is observed in both core and well logs at around 2,925 
ft. 
 3.) Deposition 2 and Dolomitization. Deposition of the FWPG facies begins. 
The timing of the dolomitization for the DM facies is interpreted to occur during 
deposition of FWPG facies, through the mixing of meteoric phreatic and marine vadose 
zones. With successive transgression – regression cycles occurring during Deposition 2, 
the study area may have become more restricted to the open marine environments. Silica 
has selectively replaced some fossil fragments within the FWPG facies (Figure 11B) and 
silica nodules (Figure 9B) also form in both DM and FWPG facies.  
 4.) Burial Compaction. Burial compaction occurred as later sediments were 
deposited and increased overburden stress. Grain contacts in the FWPG facies are closely 
packed, with no primary interparticle porosity, with tangential to sutured grain contacts 
(Figure 30). 
 5.) Stylolitization. Stylolitization occurred as pressurized solution moved though 
the compacted FWPG facies. Both micro and macro sized stylolites were observed as 
were cross cut grains (Figure 36), indicating an abundant amount of fluid movement 
within the study interval. 
! ("!
 6.) Secondary Mineral Precipitation. Increased fluid saturation with calcium 
and silica resulted in the secondary precipitation calcite or silica based minerals within 





















Figure 34. Diagenetic stages described in the study interval.  
	   44	  
Reservoir Potential of Study Interval 
 Traditionally, Osagean – Meramecian aged rocks have been highly targeted 
hydrocarbon reservoirs within the Mid-Continent. These silica-carbonate rich rock types 
have also been considered for purposes such as salt-water disposal and CO2 
sequestration. Therefore characterizing important petrophysical properties such as 
permeability and porosity are important when discussing the economic potential for the 
study interval. 
 The DM and FWPG facies would not be considered as good quality reservoir 
because of their low porosity and low permeability observed in thin section and in 
laboratory measurements. These two facies are also thin and interbedded, which does not 
allow for ideal fluid movement as a producing reservoir or being able to hold economical 
amounts of salt water disposal and CO2 sequestration.  
 The TCC facies is a better choice of reservoir based on the relatively abundant 
porosity seen throughout, as well as increased permeability, especially where fractures 
are present. However, the reservoir quality may be affected due to secondary 
precipitation of minerals, which decrease porosity and permeability. These features can 
only be identified through core and thin section analysis. Other subsurface (i.e. well logs 
and seismic data) data would be not be able to detect fracture fills as precisely as core 
data. The larger thicknesses of the TCC facies would also allow for more storage space or 
accumulate of fluids and therefore be a better quality reservoir to extract or hold. 
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 CONCLUSION 
 
 Canton SWD core has undergone various depositional and diagenetic processes 
that have led to characteristics that are both unique to this study and similar to other 
observed characteristics from silica-carbonate rich intervals throughout the Mid-
Continent (Rogers et al., 1995; Colleary et al., 1997; Montgomery et al., 1998; Rogers 
and Longman, 2001; Rogers, 2001, Watney et al., 2001; Franseen, 2006; Mazzullo et al., 
2009; Koch et al., 2014; Ramaker et al., 2015). Various conclusions can be made based 
on the data collected and interpretations.  
 
1.) Three major lithofacies were identified from the study interval interval from 2,906 ft. 
to 2,946 ft.  
 1) Dolomitic Mudstone with nodular chert (DM) 
 2) Fossiliferous Wacke – Pack – Grainstone (FWPG)  
 3) Tripolitic Chert Conglomerate (TCC).  
 
2.) The study interval is similar to typical Mississippian facies that occur throughout the 
subsurface of Kansas. Facies were deposited within a shallow, warm water marine 
environment, within inner to mid unrimmed ramp settings. This enivornment was 
subjected to high-frequency transgression – regression cycles that typically fine upwards.  
 
4.) Six stages of diagenesis occurred within a meteoric – marine mixing zone during 
deposition and shallow burial environments. Major diagenetic characteristics include 
silicification, dissolution, fracturing, karsting, and styolitization. 
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5.) The three major facies were placed within the undifferentiated Burlington-Keokuk 
and Warsaw Formations. However, some characteristics seen throughout the interval are 
consistent with characteristics observed in the Cowley Formation or facies of southern 
Kansas. Further studies of chemical and biostragraphic data from the study interval, will 
better define formations and timing of deposition. If determine to be part of the Cowley 
Formation or facies, the Canton SWD location would be the northern most extent known 
in Kansas. 
 
6.) The documentation of Canton SWD core data from this study provides high-
resolution data for potentially unknown locations of a geologic formation, depositional 
environment, and petrophysical data from an understudied area of central Kansas. 
Understanding the petrophysical characteristics and lithofacies of the Canton SWD core 
can have applications towards future economic interests. Petrophysical characteristics can 
be applied toward future exploration interests, production completion design, and 
enhance oil recovery methods, as well as toward secondary uses for facies such as salt 
water disposal or CO2 sequestration. 
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Appendix 1	  
	  
	   Wells	  in	  McPherson,	  Marion,	  and	  Harvey	  counties	  of	  central	  Kansas	  were	  
used	  to	  correlate	  Mississippian	  Series	  (Kinderhook	  [KDHK],	  Osagean	  [OSAGE],	  and	  





LONGITUDE LATITUDE Subsea Elevation Thickness 
KDHK OSAGE MERA OSAGE MERA 
15-113-21342 -97.3890734 38.3620806 -1545 -1348 -1289 197 59 
15-113-00007 -97.7294266 38.5080195 -1880 -1642 -1526 238 116 
15-113-00150 -97.8108729 38.1853684 -2117 -1837 -1819 280 18 
15-113-00157 -97.77203 38.2145996 -2119 -1848 -1771 271 77 
15-113-00223 -97.6378056 38.4629321 -1763 -1587 -1477 176 110 
15-113-00306 -97.7926239 38.2036241     -1842     
15-113-00316 -97.5381847 38.3469943   -1456 -1435   21 
15-113-00338 -97.4616937 38.5200153   -1339 -1267   72 
15-113-00366 -97.8104588 38.2162554 -2124 -1858 -1808 266 50 
15-113-00439 -97.7859285 38.2236223 -2115 -1898 -1826 217 72 
15-113-00446 -97.7374068 38.2255072 -2092 -1867 -1811 225 56 
15-113-00483 -97.6219888 38.3122301   -1555 -1514   41 
15-113-00513 -97.7228766 38.4485435 -1830 -1608 -1600 222 8 
15-113-00552 -97.4595242 38.2018978 -1730 -1425 -1410 305 15 
15-113-00568 -97.5709774 38.5518151 -1830 -1566 -1553 264 13 
15-113-00569 -97.5342904 38.6064637 -1757 -1510 -1471 247 39 
15-113-00578 -97.7305147 38.2255295 -1903 -1815 -1773 88 42 
15-113-01116 -97.4801433 38.3729352 -1587 -1374 -1333 213 41 
15-113-01624 -97.42902 38.46858 -1583 -1332 -1284 251 48 
15-113-01702 -97.5822192 38.4246508   -1478 -1447   31 
15-113-01716 -97.6471784 38.2871354 -1760 -1593 -1576 167 17 
15-113-01848 -97.3827975 38.3434885 -1500 -1334 -1300 166 34 
15-113-01990 -97.5611686 38.4866063 -1816 -1627 -1538 189 89 
15-113-02057 -97.41238 38.52115   -1333 -1309   24 
15-113-02096 -97.4532472 38.3814271 -1499 -1376 -1357 123 19 
15-113-02135 -97.4573 38.20387 -1576 -1447 -1424 129 23 
15-113-02139 -97.4621464 38.1765118 -1781 -1469 -1445 312 24 
15-113-02265 -97.4786902 38.4312692   -1397 -1381   16 
15-113-02293 -97.5777213 38.4393507           
15-113-03647 -97.7997951 38.2426515 -2123   -1841 
 
  
15-113-03649 -97.783646 38.2381552 -2116 -1849 -1829 267 20 
15-113-04539 -97.4549303 38.2091901 -1746 -1441 -1310 305 131 
15-113-04582 -97.4620467 38.1892133 -1808 -1477 -1442 331 35 
15-113-04607 -97.4596211 38.1964599 -1706 -1542 -1412 164 130 
15-113-04623 -97.4600314 38.187379 -1757 -1599 -1444 158 155 
15-113-04783 -97.6598489 38.201916 -1688 -1616 -1580 72 36 
15-113-05400 -97.5765384 38.440261   -1423 -1361   62 
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15-113-05645 -97.4555326 38.379624 -1590 -1358 -1336 232 22 
15-113-05656 -97.4532643 38.3832398 -1604 -1442 -1366 162 76 
15-113-05657 -97.4532128 38.3778018 -1578 -1370 -1361 208 9 
15-113-19139 -97.5754777 38.4375455   -1407 -1379   28 
15-113-20007 -97.6494745 38.215686 -1751 -1625 -1546 126 79 
15-113-20064 -97.6261822 38.3613929   -1457 -1412   45 
15-113-20066 -97.3999453 38.234591 -1757 -1520 -1435 237 85 
15-113-20069 -97.7408033 38.2227424 -2101 -1867 -1818 234 49 
15-113-20114 -97.8955636 38.4214483 -1951 -1854 -1832 97 22 
15-113-20210 -97.3980318 38.4286936   -1330 -1320   10 
15-113-20211 -97.8059009 38.1926647 -2126 -1860 -1820 266 40 
15-113-20521 -97.3796767 38.4395873   -1343 -1296   47 
15-113-21179 -97.6458802 38.2555833 -1679 -1597 -1564 82 33 
15-113-21184 -97.6439232 38.2184545 -1764 -1616 -1516 148 100 
15-113-21185 -97.6080073 38.2413287 -1864 -1638 -1600 226 38 
15-113-21191 -97.6403061 38.3105904   -1566 -1548   18 
15-113-21192 -97.4844243 38.2019781 -1824 -1542 -1491 282 51 
15-113-21199 -97.6483654 38.1911537 -1846 -1666 -1625 180 41 
15-113-21201 -97.6415837 38.2220938 -1763 -1633 -1621 130 12 
15-113-21202 -97.6401248 38.2598379 -1789 -1693 -1629 96 64 
15-113-72073 -97.6333507 38.2888766   -1587 -1563   24 
15-115-00049 -97.2414643 38.354386   -1274 -1243   31 
15-115-00162 -97.0503876 38.4323627   -1004 -966   38 
15-115-00164 -97.0412296 38.4505757   -978     
 15-115-00166 -97.0941999 38.4161846   -1093 -1033   60 
15-115-00168 -97.0642336 38.4180312   -1115 -1015   100 
15-115-00169 -97.0480692 38.4305736   -978 -975   3 
15-115-00171 -97.0504198 38.4396013   -1024 -984   40 
15-115-00172 -97.0941992 38.419845   -1095 -1045   50 
15-115-00189 -97.0503738 38.4143722   -1044 -1008   36 
15-115-00244 -97.0323458 38.4271261   -978 -955   23 
15-115-00259 -97.004619 38.4343404   -965 -956   9 
15-115-00260 -97.0288019 38.4469504   -999 -993   6 
15-115-00389 -97.0115463 38.429132   -955 -952   3 
15-115-00448 -97.0207517 38.4109369   -988 -949   39 
15-115-00451 -97.011558 38.4255073   -949 -945   4 
15-115-00499 -97.0300474 38.4305648   -973 -968   5 
15-115-00501 -97.0138694 38.4396935   -970 -959   11 
15-115-00504 -97.0046528 38.4182253   -963 -928   35 
15-115-00679 -96.993031 38.4254417     -950     
15-115-01017 -97.0046413 38.4128077   -977 -934   43 
15-115-01600 -97.0069869 38.4416033   -961 -952   9 
15-115-01601 -97.0116128 38.4415647   -968 -960   8 
15-115-01614 -97.0139378 38.4433691   -971 -962   9 
15-115-20120 -97.1078409 38.138929   -1171 -1151   20 
15-115-20234 -97.0173028 38.4127576   -933     
 
	   54	  
15-115-20378 -97.2606776 38.4061937   -1250 -1231   19 
15-115-21070 -97.2438908 38.4143448 -1447 -1272 -1250 175 22 
15-079-00709 -97.650508 38.0537622   -1795 -1791   4 
15-079-00717 -97.6797851 38.0568359   -1877 -1863   14 
15-079-00719 -97.6721004 38.0450296   -1799 -1733   66 
15-079-00720 -97.6721358 38.0486663   -1818 -1806   12 
15-079-00724 -97.682507 38.0450127   -1796 -1771   25 
15-079-00725 -97.6766848 38.0450222   -1796 -1792   4 
15-079-00728 -97.6951037 38.0730889   -1805 -1790   15 
15-079-00729 -97.7008242 38.0787684   -1900 -1806   94 
15-079-00730 -97.6940302 38.0756332     -1797     
15-079-00732 -97.6971702 38.080795   -1792 -1732   60 
15-079-00988 -97.6946579 38.1029858   -1843 -1774   69 
15-079-00989 -97.7003288 38.0912001   -1865 -1785   80 
15-079-30003 -97.5941405 38.1542467   -1719 -1660   59 
15-079-30069 -97.5900752 38.1504761   -1739 -1685   54 
15-079-20024 -97.1837755 38.0063168   -1420 -1406   14 
15-079-20060 -97.1818341 38.0298693   -1543 -1508   35 
15-079-20069 -97.2130123 37.9545696   -1543 -1508   35 
15-079-20071 -97.4599275 38.1330636   -1557 -1502   55 
15-079-20123 -97.691645 38.0875594   -1881 -1792   89 
15-079-20374 -97.53572 38.14328 -2113 -1822 -1738 291 84 
15-079-20652 -97.1843211 37.9756484   -1431 -1413   18 
15-079-19024 -97.5021768 38.0740685   -1520 -1516   4 
15-079-00388 -97.5033555 38.083965 -1789 -1510 -1483 279 27 
15-079-00721 -97.6824218 38.0513577   -1859 -1783   76 
15-079-00723 -97.682418 38.0477321   -1850 -1802   48 
15-079-00749 -97.4987601 38.0493323   -1568 -1551   17 
15-079-00750 -97.497599 38.0564031   -1535 -1496   39 
15-079-00765 -97.4975591 38.0704303   -1522 -1461   61 
15-079-00766 -97.4975825 38.0630421   -1524 -1482   42 
15-079-00767 -97.4975939 38.0594166   -1516 -1511   5 
15-079-00769 -97.497571 38.0666675   -1510 -1494   16 
15-079-00776 -97.501039 38.0493401   -1537 -1528   9 
15-079-00844 -97.6851037 38.1339916 -1888 -1745 -1712 143 33 
15-079-00865 -97.6873796 38.1239568 -1901 -1735 -1717 166 18 
15-079-00878 -97.6896721 38.1221341 -1891 -1725   166 
 15-079-00883 -97.6850812 38.1203411 -1893 -1751   142 
 15-079-00901 -97.6875515 38.1221432   -1889 -1756   133 
15-079-00902 -97.6850772 38.1167155   -1758 -1654   104 
15-079-00979 -97.6780333 38.1494185   -1745 -1714   31 
15-079-00985 -97.6803363 38.1512238 -1876 -1707 -1696 169 11 
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APPENDIX 2 
 
 Additional quantitative data from point count, object extraction, and grain size 
data for representative thin sections throughout the study interval.  
 
 
Depth Thin Section Constituents Grain Size Porosity 
below KB Class % of Thin Section Avg. (microns) Micro(%) Meso(%) Avg. Pore Space (microns) 
2907 Dolomite 73.50 59 .11 95 .85 4. 15 8.59 
Quartz 14.90 
Other 0.1 0 
lntercrystalline IO. SO 
Fenestral 0.60 
2910 Dolomite 73.04 62.80 98 .22 178 16.22 










Tntercrys ta lline 0.1 3 
lnterparticle 0.1 3 





Moldic 4. 88 
2916 Quartz 46.25 128.01 95 .16 4. 84 25 .90 
Clays 34.50 
Tnterparticle 19.25 





29 17.5 Dolomite 13.38 350.01 99.97 0.03 7.72 
Calcite 83.06 
Quartz 1.1 3 
lnterparticle 2.44 
2920 Dolomite 79.375 63 .83 99.69 0.31 9.56 
Clays 0.25 
lntercrystalline 20 .375 




Tntercrys ta lline 2.75 
Fracture 2.38 
2924 Dolomite 75.375 64.1 8 99.98 0.02 6.93 
Calci te 11.25 
lntercrystalline 13.375 
2925 Calcite 6.63 4.00 
Quartz 70.00 
Clays 8.63 
Tn terparticle 14.75 
2925.5 Quartz 81.25 4.00 98 .49 1. 51 12.60 
Clays 3. 13 
lnterparticle 15.63 
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APPENDIX 3 
 Core pictures of the study interval from Stim – Lab with corrected footage. Key: 
WRS = Warsaw Formation (Meramecian), UBK = Undifferentiated Burlington – Keokuk 
Formation (Osagean), RS = Reed Springs Formation (Osagean), Blue line = formation 
boundary, dotted blue line = unconformity between WRS and UBK formations. 
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